S everal academic engineering research groups around the UK have become increasingly interested in the application of robotics or robotics techniques to solving problems in space engineering. The UK offers a solid base of expertise in manipulator and mobile robotics and associated space engineering which would enable the UK to contribute to European space robotics projects, particularly those supporting planetary missions. On 17 May 2002 we held the inaugural meeting of the Space and Planetary Robotics Network (SPRN) at the Open University (OU) jointly between the Planetary and Space Sciences Research Institute (PSSRI) and the Department of Design and Innovation. It was highly appropriate that the meeting was held at this venue, it being the home of the PSSRI which leads the UK's Beagle2 Mars lander mission (under Colin Pillinger) to be carried to Mars by the European Space Agency's (ESA) Mars Express spacecraft towards the end of 2003.
A recent event of particular importance was the ESA ministerial meeting in Edinburgh in November 2001 which initiated a new ESA programme called Aurora. The Aurora programme is a vision of the future of planetary exploration; its centrepiece is the robotic exploration of Mars (and other planets) culminating at some unspecified time in the future with a human mission to Mars. The recent discoveries on Mars by US missions and the recent work by the international astrobiology community have provided strong impetus to explore Mars in search of evidence of extraterrestrial life, be it extinct or extant. David Hall of BNSC suggested that the Aurora programme would place considerable emphasis on robotic activities in the early years, building on the first European steps towards robotic exploration taking place already through the ESA Huygens, Rosetta and Mars Express missions.
The SPRN Meeting
The meeting was attended by nearly 130 scientists and engineers from 27 universities and several companies. It came to fruition after discussions between Ellery, Barnes and McInnes who had built independent research groups focusing on different aspects of space robotics. Ellery's group at Kingston was focused on planetary rover locomotion, robotic in-orbit servicing, and biomimetic robotics.
Barnes' group at Aberystwyth was focused on the development of planetary aerobots and is part of the Beagle2 Mars mission team involved in kinematics analysis of the robotic arm. McInnes's group at Glasgow was strongly focused on robotic path planning, obstacle avoidance and satellite constellations. Each group was convinced that space robotics is a rich area of development and that it would be beneficial to co-operate and to consolidate any work which we thought might be of interest to other groups, particularly planetary scientists. Discussions soon brought Rodney Buckland on board who almost single-handedly put together and organized a remarkable programme to introduce the Space and Planetary Robotics Network through an inaugural meeting. The delegates came from terrestrial robotics groups, space engineering groups, planetary science groups and others with more than a peripheral interest in space robotics (representatives from both EPSRC and PPARC were present).
Academic space robotics
Following a welcoming address from Brenda Gourley, Vice Chancellor of the OU, Rodney Buckland as chairman introduced the first main speaker, Alex Ellery (Kingston University), who began by outlining the need for the UK to continue the momentum of Beagle2 by showing leadership in proposing subsequent robotic Mars missions. He outlined the engineering requirements for a Mars micro-rover which may be developed through a micro-rover testbed using the Linuxbot developed by Alan Winfield of the University of West of England.
Ellery introduced a new astrobiology-focused Mars mission proposal called Vanguard which represented the fruits of discussions between Ellery and the late astrobiologist David WynnWilliams. Vanguard has been presented at the NASA Astrobiology Science conference and European Geophysical Society conference in Nice. The mission concept has taken on further significance with the discovery of subsurface water ice by Mars Odyssey which could potentially be extracted robotically (using zeolite absorbant) for in-situ resource utilization (ISRU) in support of robotic and human Mars missions. Vanguard represents one possible post-Beagle2 Mars mission in which the UK could play a significant part. In particular, Ellery stressed that bringing together scientists and engineers was critical to the UK's success in such ventures and further stressed that the engineering research community, roboticists in particular, have a unique opportunity to contribute. David Barnes (Aberystwyth University) talked about his group's work, focusing on its activities in aerobots and in the Beagle2 mission. The talk provided details of the Beagle2 ARM and PAW kinematics modelling, simulation and calibration. The Aberystwyth group has completed the generation of the virtual Beagle2 model, and is in the process of performing the necessary kinematics calibration. In addition to the Beagle2 work, Barnes' group is involved in aerobot research work including laser scanning terrain navigation, inertial sensing for aerobot science and control, aerobot airdata measurement, and soaring aerobot control.
John Zarnecki (PSSRI, Open University) talked about planetary robotics from a planetary scientist's point of view, including some mission scenarios for the exploration of exotic and challenging environments, such as Titan. Robotics is a way of getting sensors to the environment, bringing samples from the environment to the sensors, or modifying the environment in some way (for example by digging). A robotic capability on a planetary or satellite surface (and within an atmosphere or even underground) can greatly enhance possibilities for the scientific exploration of our solar system. The robotic solution to a particular problem is often sensitive to the measurement or sampling strategy needed to address the chosen scientific goals. Furthermore, new robotic technologies may inspire the scientific community to create new experiment designs not previously considered, so the process can be iterative.
Industrial space robotics
Jonathan Gebbie (Logica) was the first speaker to discuss UK industry's involvement in robotic science missions, stressing their accumulated expertise in developing software for Entry, Descent and Landing (EDL) on other planets through both of Europe's planetary landers to date: Beagle2, scheduled to land on Mars in late 2003 and Huygens, due to land on Titan in January 2005. UK industry and academia has accumulated experience in navigation and guidance which is unrivalled in Europe, and that we should build on this strength for future planetary landing missions.
Mark Smith, leader of Astrium's Science Division, outlined their many activities in past and future science missions. Looking to the future, Astrium is involved in a number of planetary mission proposals ranging from near-term Mars and near-Earth object (NEO) missions, many of which are building on the heritage obtained from the unique Beagle2 design, to long-term opportunities such as a subterranean Europa probe, Venus aerobots and manned Mars missions. With this innovative approach to developing low-cost lander technology, Astrium Ltd is offering its experience to the proposed NASA Scout mission Artemis.
Looking further into the future, Astrium as part of a consortium is developing a near-term, low-cost Mars sample-return mission concept, which was presented at this year's EGS conference in Nice as part of the Mars Exploration session, generating much interest. The Astriumled concept of the study is to use the orbital rendezvous method but incorporate each of the elements into a single mission (i.e. one launch) using mature and affordable lander technology to return a small regolith core sample. In addition to Mars, Astrium has also targeted NEO missions. ISHTAR (Internal Structure High-resolution Tomography by Asteroid Rendezvous) is an Astrium-led mission study that will allow the first detailed characterization of a NEO. The ground-penetrating radar will provide high-resolution tomography of the asteroid interior. A stereo imager will characterize the surface topology and a radio science experiment will determine the asteroid mass. The whole mission is possible within the constraint of a small (315 kg) spacecraft and the financial envelope of an ESA "flexi" mission.
Further work by Astrium on NEO missions includes the mission concept APIES (Asteroid Population Investigation and Detection Swarm), carried out in response to a recent call for ideas by ESA. It is a swarm mission comprising a flotilla of microsatellites aimed at exploring more than 100 asteroids of the main asteroid belt. Using the latest technological advances in miniaturization, solar sailing and spacecraft autonomy, the APIES mission can achieve these ambitious goals within the framework of a standard ESA mission.
Educational outreach
Ashley Green (formerly of Oxford Brookes University) discussed his many years in educational outreach to schools in using space robotics as a tool to inspire children into careers in science and engineering. His innovative use of Lego Mindstorms and Meccano in building mobile robots was inspirational and drew strong praise from the PPARC representative on the Public Understanding of Science Committee. Green stressed the need for educational opportunities that will be generated by intense interest in the forthcoming high-profile robotic missions to Mars, Saturn, Titan, etc. He outlined some of his ideas for enabling youth and educators to feel fully informed and personally involved in these exciting voyages of discovery.
Conclusions
One of the strongest messages from the meeting was amazement that this research was happening in the UK. The corollary was that there had not been enough communication between the scientists who want to place their instruments on to other planets, and the robotics engineers who can get them there. One planetary scientist remarked that he hadn't realized that the robotics community had been doing things that they needed. Furthermore, there had not been enough communication between industry, academia and the national/international space agencies in the past. Mark Smith (Astrium) stated that he had not been aware of the activities of the academic robotics community. This will now change. At the very least, we know of each other and what each group is doing. In the future we can collaborate together to develop the robotics technologies required to increase the scientific return from solar system exploration missions.
The Space and Planetary Robotics Network will be holding a series of focused workshops to consolidate our work. We will be applying for EPSRC Network funding to support our initial activities. EPSRC will provide funding up to £60 000 for three years to support the running of a network. A case for support will be submitted to EPSRC, and all interested attendees will be contacted during this process. The first workshop will be in early September at Aberystwyth University hosted by Dave Barnes. Furthermore, a web-based UK Space and Planetary Robotics forum will be established to enable new members to participate -it is open to anyone with professional interest in this work. Anyone who is interested in becoming involved in this exciting new area of engineering is invited to contact Alex Ellery (a.ellery@kingston.ac.uk), stating their area of interest, and will be added to the email distribution list to ensure their future participation. G
